To examine the association between the local food environment and the severity of food insecurity among new families using community food security interventions in Montreal.
F ood insecurity (FI) "exists whenever the availability of nutritionally adequate and safe foods or the ability to acquire acceptable foods in socially acceptable ways is limited or uncertain". 1 FI is an important public health concern in Canada. In 2013, 12.5% of Canadian and 11.8% of Quebec households were affected by FI. 2 Research indicates that FI has been linked to an inadequate intake of nutrients, 3 chronic disease, 4 and poor, self-reported, physical and mental health among adults. 5 FI has also been associated with behavioural disorders, 6 as well as poor physical and mental health among children. 7 While limited financial resources is a major determinant of FI, 8 this problem has been clearly linked to numerous aspects of the local physical and social environment. 9, 10 In Canada, community food security interventions (CFSI) (food banks, collective kitchens, community gardens, buying groups, etc.) have been the major response to the problem of FI, 11 but only about 20%-30% of food-insecure households use CFSI. [12] [13] [14] Even though CFSI cannot be the optimal response to alleviate FI, 12, [15] [16] [17] CFSI are, according to users' opinions, essential resources in coping with hunger. 18 Moreover, a recent longitudinal study on 411 new users of CFSI in Montreal showed that participation in food banks decreases the severity of household food insecurity (HFI) and improves the perception of mental health. 19 With these premises, the importance of CFSI, as components of the local food environment for food-insecure households, is undeniable.
Nevertheless, the association between the local food environment and FI still needs clarification. In Montreal, for instance, there are no food deserts (areas characterized by poor access to healthy affordable food) in low-income neighbourhoods 20 and there is a lack of knowledge of conditions related to the local food environment that leaves families using CFSI vulnerable to FI. Glanz et al. have classified the food environment into the community nutrition environment (number, type, distribution of food outlets and restaurants), the consumer nutrition environment (nutritional qualities, price, promotion, placement, diversity, and nutritional information in food outlets and restaurants), and the organizational nutrition environment (home, school, work and CFSI). 21 Other authors have argued that this classification of the local food environment also needs to include five dimensions related to food access: availability, accessibility, affordability, acceptability and accommodation. 22 Availability refers to the sufficiency of the food supply (food quality, density, and types of food stores). 22 Accessibility refers to easy access (the geographic location) of the food supply. Transport, travel time and distance are measures of this dimension.
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Affordability refers to the relationships between food prices and the consumers' ability to pay. 22 Acceptability is the concordance between consumers' expectations and attributes of their local food supply (for instance, culturally appropriate food). 22 Accommodation refers to how well the food supply is adapted to meet consumers' needs (type of payment accepted, opening hours).
There has been limited research about the relationship between the local food environment and FI. 24, 25 In contrast with the previously mentioned studies, Mabli and Sharkey et al. did not find a significant association between proximity to food stores and HFI. 26, 27 Neither did Kirkpatrick and Tarasuk, who concluded that, in Toronto, HFI was not associated with the distance between home location and discount supermarkets or community food programs (food banks, community kitchens and community gardens). 28 Some of these studies explored the relationship between FI and potential access to food stores or potential access to CFSI (availability and accessibility), 23, 26, 28 while other studies explored the relationship between FI and participation in CFSI among lowincome households. 26, 27 However, previous research suggests that difficulties in access are one of the major reasons for not attending CFSI. 13, 17 Given the particularities of the food environment in Montreal (absence of food deserts in low-income neighbourhoods), 20 we aim to examine the relationship between the local food environment and the severity of FI among new families using CFSI in the Montreal metropolitan area.
METHODS

Recruitment and sampling
This cross-sectional study was based on baseline data from the longitudinal study evaluating the effects of CFSI on the food security status and the perceived health of users in Montreal, Canada.
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A two-stage cluster sampling frame was used to select participants for inclusion. Clustering units were based on organizations delivering CFSI in the Montreal metropolitan area. 
Measures
Household food insecurity
The 18 items of the Household Food Security Survey Module (HFSSM) were used to determine the household food insecurity level during the 12 months prior to the study. Health Canada's coding method was used to calculate scores of HFI. 30 The HFSSM questionnaire is composed of 10 questions for adults and 8 for children, regarding food insecurity conditions. 30 Each multiplechoice answer is recoded scoring 0 or 1 point. The final score ranges from 0 to 10 for adults and 0 to 8 for children. The HFSSM questionnaire defines three levels of food security: food security, with scores of 0 or 1; moderate insecurity, with a score between 2 and 5 for adults and 2 and 4 for children; and severe insecurity, with a score of above 5 for adults and above 4 for children.
Household food security status is dependent on both adult and child scores. In families with children, the household is food-secure if both adults and children are food-secure; the household is moderately food-insecure if either adults or children are moderately food-insecure but neither is severely food-insecure; the household is severely food-insecure if either adults or children are severely food-insecure. In childless households, adults' food security status corresponds to household food security status. 30 
Accessibility
The distance between participant's residence and the community organization used was measured using the household's selfreported address information and the address of the organization attended. The distance between these two points was calculated manually through Google Maps. The walking mode was used as the base means of transportation to calculate the distance. 31 All alternative routes provided by Google Maps were analyzed and the shortest route was used for our analysis.
The location of the most frequently used grocery store was based on responses to the open-ended question: "Where is the place where you most frequently buy food for your household?" Possible answers were: "inside their neighbourhood", "outside their neighbourhood" or "not shopping for food frequently" (because someone else does their groceries, because they receive all groceries from a CFSI or because they use grocery delivery services).
People who answered "inside their neighbourhood" were asked about walking time to the most frequently used grocery store. Walking time was measured by asking respondents to report the walking time required to get to their primary food store from their home, given a choice of 0-5 minutes, 6-10 minutes, or more than 11 minutes.
Mode of transportation: all participants were asked how they usually carry their food, given a choice of: taking their car, public transportation (bus or metro), active transport (travel on foot or bicycle), or other.
Self-reported difficulties in accessing food due to the grocery store accessibility were measured by asking two questions related to transportation constraints and distance to the grocery store. The two questions were: 1) "Do you have any difficulty in accessing food for reasons of transportation?" and 2) "Do you have any difficulty in accessing food for reasons of distance from the store?" Each question had a binary (yes/no) response.
Acceptability and affordability
Self-reported difficulties in accessing food due to food acceptability and food affordability were measured by asking two questions related to food choice and food price. The two questions were: 1) "Do you have any difficulty in accessing food for reasons of lack of choice?" and 2) "Do you have any difficulty in accessing food for reasons of high prices?" Each question had a binary (yes/no) response.
Participants who answered "inside their neighbourhood" were also asked about their satisfaction with the acceptability and affordability of the food available at the most frequently used grocery store. We defined satisfaction with these aspects of the food by asking four questions about food choice, food price, and food quality in their primary food store. The questions were: 1) "How satisfied are you with your ability to find the foods that you prefer to eat?" 2) "How satisfied are you with your ability to find foods that you can afford to buy?" 3) "How satisfied are you with your ability to find foods that are of high quality?" and 4) "How satisfied are you with your ability to find foods that are nutritious?" Answers were obtained on a Likert scale of 1-4, ranging from very unsatisfied to very satisfied. The sum of the scores ranged from 4 to 16. The higher scores indicated very satisfied. This scale was categorized into four categories according to the 25 th , 50 th and 75 th percentiles (<11, 11-11.9, 12-13, and >13) as very unsatisfied, unsatisfied, satisfied, and very satisfied. This scale has a good internal consistency (Cronbach's α = 0.80). To increase the statistical power of the analysis, the very unsatisfied and unsatisfied categories were collapsed. Control variables considered in the study were respondents' gender, age, marital status, perceived mental and physical health, household income, and household education level. Age was coded into four categories (≤29, 30-39, 40-49, or 50-65 years). Marital status was coded in three categories (single, couple, or other). Perceived mental and physical health were measured using the SF-12-v2 Health Survey, which provides two component summary scores (physical and mental summary -PCS and MCS) that are built on eight subscale domains (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health). Higher scores indicate better health status. 32 
Data analysis
All statistical analyses were performed using SPSS v20.0 for Windows (SPSS Inc., Chicago, IL, USA). For all statistical tests, p < 0.05 was considered the level of significance. Respondents with missing data on the HFI (n = 39), or with missing values on more than 4% of the independent variables, were excluded from the analyses. Unconditional mode imputation was used to replace missing values on independent variables with less than 4% of missing data. 33 An extra category for missing values was created for the household income variable. We determined the frequency distribution for all independent variables by HFI status with cross tabulation. Bivariate regression analysis was run to examine the association between HFI and all predictor variables. Given that severe food insecurity was the category of the HFI variable with the greatest number of observations, we used this group as reference in two polytomous logistic regression models to estimate odds ratios (ORs) and their 95% confidence intervals (CI) for the association between HFI and the local food environment. The first model was an unadjusted model including only the local food environment questions that were asked to all respondents; the second model was adjusted for the respondents' health status and socio-demographic characteristics, including age, gender, origin, marital status; as well as household variables, such as level of education and total income.
Since satisfaction with the acceptability and affordability of the food available at the most frequently used grocery store, and walking time to grocery store, were investigated only in the subgroup of respondents that did groceries in their neighbourhood, a separate logistic regression model was performed to explore the association of these variables with HFI in this subgroup. No significant relationship was found (results not published).
THE LOCAL FOOD ENVIRONMENT AND FOOD INSECURITY RESULTS
The study sample included 785 participants; 681 were enrolled from 16 organizations delivering traditional CFSI and 104 were enrolled from six organizations delivering alternative CFSI. Descriptive characteristics of the study sample and their distribution by HFI are reported in Table 1 . Most of the participants (49%) reported severe household food insecurity, while 39% reported moderate household food insecurity. Significant associations were observed between HFI and the socio-demographic characteristics of the respondents. More than 55% of respondents living in severely food-insecure households fell into the following categories: those in the 30-39 age group, those who are neither single nor married, those reporting fair or poor mental and physical health status, those living in a household where none of the adults had a high school diploma, and those with very low income.
More than half of the participants who reported difficulties in accessing food lived in severely food-insecure households ( Table 2 ). The highest proportions of severe food insecurity were observed for participants reporting difficulties in accessing food due to: transportation constraints (63.6%) and food affordability (57%).
The multivariate logistic regression analysis showed that the local food environment is correlated with the severity of food insecurity independent of the participants' socio-demographic characteristics and health status ( Table 3 ). The severity of food insecurity was related to difficulties in accessing food due to food affordability (moderate food insecurity OR = 0.43, 95% CI: 0.28-0.62; food security OR = 0.13, 95% CI: 0.06-0.26), not shopping for food frequently (moderate food insecurity OR = 0.32, 95% CI: 0.15-0.67), and difficulties in accessing food due to transportation constraints (food security OR = 0.18, 95% CI: 0.06-0.55). In contrast, moderate food insecurity was associated with living between 1 and 2 km from the community organizations used (OR = 1.80, 95% CI: 1.12-2.88).
Owning a car (OR = 2.50, 95% CI: 1.15-5.44) and difficulties in accessing food due to food acceptability (OR = 2.73, 95% CI: 1.27-5.86) were correlated with food security. No significant associations were observed between HFI and other variables of the local food environment.
DISCUSSION
The purpose of this study was to examine the association between the local food environment and severity of HFI among new participants in CFSI in Montreal. The results showed that the severity of HFI was related to three dimensions of the food environment (affordability, accessibility and acceptability). Consistent with previous studies from the US and Australia, [34] [35] [36] we found that difficulties in accessing food due to food affordability were associated with severe food insecurity. This finding supports the hypothesis that higher food prices could increase the severity of food insecurity among vulnerable 
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households. 35 However, longitudinal data are needed to better explain the causal effects of this association. In relation to accessibility, our findings are consistent with studies showing that accessibility to grocery stores is not related to HFI. 26, 28 However, our results suggest that owning a car and reporting difficulties in accessing food due to transport constraints were associated with HFI. These findings are in line with previous research studies, 9, 23, 25, 37 suggesting that accessibility to food stores is not sufficient to improve food access, as also stated by McIntyre. 38 Food interventions that lead to improved HFI may need to consider the impact of transportation on FI.
Our findings indicate that the distance between the participant's home location and the organization delivering CFSI used, was correlated with moderate food insecurity. Our findings seem to be in contrast with a previous study done in Toronto by Kirkpatrick and Tarasuk, which suggested that there is no association between proximity to organizations delivering CFSI and HFI among lowincome families. 28 The differences can be explained by participants' inclusion criteria: while the majority of Kirkpatrick and Tarasuk's sample did not participate in CFSI, 28 our sample is exclusively composed of new CFSI users.
Finally, we found that food security was correlated to difficulties in accessing food due to food acceptability. This can be explained by the fact that these families have access to enough nutritious food, but do not have access to food choices. This finding confirms the limitation to the Household Food Security Survey Module to measure the acceptability of food. 39 
Limitations
Our study has some limitations. First, the data used were from a convenience sample from organizations providing CFSI. As a result, the findings of this study are not generalizable to the foodinsecure population. However, they are likely to reflect the situation of the most vulnerable households in Montreal. Second, given the nature of the cross-sectional design of the data, our findings do not assess causal association between the local food environment and food insecurity. Finally, this study did not include the types of the most used grocery store. Therefore, participants who were more likely to use supermarkets or supercentres, which offer more food variety and lower prices than other grocery stores, may have better food security status. 
THE LOCAL FOOD ENVIRONMENT AND FOOD INSECURITY CONCLUSION
This is the first study examining several dimensions of the local food environment among new users of CFSI in Canada. Our results provide important insights into factors of the local food environment that are associated with the severity of household food insecurity. Our findings help in the differentiation of several dimensions of the local food environment and the relevance of each dimension to promote food security. It supports the argument that to improve access to food sources in vulnerable populations is more complex than ensuring adequate availability and accessibility of food stores. 30 Future studies should study the relationship between the local food environment and food insecurity across all dimensions of food access. CONCLUSION : L'environnement alimentaire local est associé à la sévérité de l'insécurité alimentaire chez les nouvelles familles qui utilisent les interventions communautaires en sécurité alimentaire à Montréal. Des études futures devraient étudier la relation entre l'environnement alimentaire et l'insécurité alimentaire dans toutes les dimensions de l'accès aux ressources alimentaires.
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